Incorporation of textile artificial magnetic conductor into dipole antenna by Abdullah, Muhammad Azfar
INCORPORATION OF TEXTILE ARTIFICIAL MAGNETIC CONDUCTOR 
INTO DIPOLE ANTENNA 
 
 
 
 
 
 
 
 
 
MUHAMMAD AZFAR BIN ABDULLAH 
 
 
 
 
 
 
 
 
 
 
UNIVERSITI TEKNOLOGI MALAYSIA 
INCORPORATION OF TEXTILE ARTIFICIAL MAGNETIC CONDUCTOR 
INTO DIPOLE ANTENNA  
 
 
 
 
 
MUHAMMAD AZFAR BIN ABDULLAH 
 
 
 
 
 
A thesis submitted in fulfilment of the 
requirements for the award of the degree of  
Master of Engineering (Electrical) 
 
 
 
 
 
 
Faculty of Electrical Engineering 
Universiti Teknologi Malaysia 
 
 
 
 
 
JULAI 2014 
ii 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
I declare that this thesis entitled “Incorporation of Textile Artificial Magnetic 
Conductor into Dipole Antenna” is the result of my own research except as cited in 
the references. The thesis has not been accepted for any degree and is not 
concurrently submitted in candidature of any other degree. 
 
 
 
 
 
 
 
Signature :  .................................................... 
Name  :  MUHAMMAD AZFAR BIN ABDULLAH 
Date   :  JULAI 2014 
 
 
 
 
 
 
 
iii 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Specially dedicated to my mom and dad, 
Norani binti Ibrahim and Abdullah bin Dohat, 
My siblings and family, for their encouragement and support; 
As well as all my friends who always inspired and motivated me along my excellent  
Journey of education 
 
 
iv 
 
  
 
 
 
 
ACKNOWLEDGEMENT 
 
 
 
 
Alhamdulillah, thanks to ALLAH SWT for His continuous blessings and for 
giving me the strength in completing this research. 
 
 
Special thanks to my supervisor, Professor Dr. Mohamad Kamal A. Rahim, 
for his guidance, motivations, support, and encouragement in accomplishing this 
research.  
 
 
I would like to recognize everyone who made this research possible. Million 
thanks to members of P18, Dr Huda A. Majid, Osman Ayop, Muhammad Faizal 
Ismail, Kamilia Kamardin and Mohammad Ezwan bin Jalil. 
 
 
Finally, I want to express my greatest gratitude to my family whom I love the 
most and owe a lot: my parents Norani binti Ibrahim and Abdullah bin Dohat, my 
siblings Nur Fawwaz, Nur Izzati, Nur Atikah, Nur Aqilah, and Muhammad Syahmi 
for their endless love and support. They were always praying for my success. 
 
 
 
 
 
 
v 
 
  
 
 
 
 
ABSTRACT 
 
 
The radiation and gain characteristics of wearable dipole antenna which are 
omni-radiation pattern and low gain are not sufficient to support the wearable on-
body system. So, to overcome these problems, the incorporation of textile dipole 
antenna with Artificial Magnetic Conductor (AMC) are designed and analysed. The 
purpose of implementing the dipole antenna with AMC is to reduce the antenna 
backward radiation towards the human body and to increase the antenna’s gain. By 
implementing this concept, the dipole antenna’s beam direction is shifted outward 
from the human body and the antenna’s gain is increased. In this thesis, the dipole 
antenna with AMC is investigated and analysed. The antenna's substrate is made of 
denim jeans. It has εr = 1.7, tan σ = 0.025 and 1mm thickness. The radiating 
materials are made of two different conducting fabrics which are Shieldit Super 
fabric and copper fabric. A flexible dipole antenna with 3 by 3 arrays flexible AMC, 
operating at 2.4GHz is designed. In order to have better performance of the 
integrated antennas, the properties of the fabric such as bending effect, wetness effect 
and on-body measurement are investigated. The possibility of different positions of 
the dipole antenna above the AMC which may alter the performance of the antenna 
is also discussed. Computer Simulation Technology (CST) software is used for the 
antenna and AMC simulation. The performances of the dipole antenna with and 
without AMC are compared. It shows that the performance of the antenna with AMC 
increases the gain by 5 dB and the antenna’s radiation is more directive. 
Furthermore, the resonant frequency of the antenna with AMC shifted due to the 
bending effect. The best location to put the dipole antenna with AMC is at the back 
of the human body. 
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ABSTRAK 
 
 Ciri-ciri sinaran radiasi dan gandaan antenna dwikutub boleh-pakai 
iaitu corak sinaran kesemua arah dan gandaan rendah tidak mencukupi untuk 
menyokong system yang dipakai atas badan. Jadi, untuk mengatasi masalah ini, 
gabungan tekstil antena dwikutub dengan pengalir magnet tiruan (AMC) direka dan 
dianalisa. Tekstil AMC digunakan pada antenna dwikutub bertujuan bagi melindungi 
tubuh manusia daripada sinaran antenna dari belakang dan meningkatkan gandaan 
antena. Dengan melaksanakan konsep ini, arah sinaran radiasi antena dwikutub dialih 
keluar menjauhi tubuh badan dan gandaan antena ditingkatkan. Dalam tesis ini, 
antena dwikutub boleh-pakai dengan AMC disiasat dan dikaji. Substratum antena 
diperbuat daripada kain jeans denim nilai εr = 1.7, tan σ = 0.025 dan ketebalan 1.0 
mm. Bahan-bahan terpancar diperbuat daripada dua fabrik yang berbeza iaitu fabrik 
Super Shieldit dan fabric kuprum. Antena dwikutub yang fleksibel dengan 3 x 3 
tatasusun fleksibel AMC beroperasi pada frekuensi 2.4 GHz direka. Bagi 
mendapatkan prestasi yang lebih baik daripada antena dwikutub beritegrasi AMC, 
sifat-sifat fabric : seperti kesan lenturan, kelembapan dan pengukuran kuasa pada 
badan disiasat. Kedudukan antena dwikutub yang berbeza atas AMC yang boleh 
mengubah prestasi antenna juga turut dibincangkan. Technologi Simulasi Komputer 
(CST) perisian digunakan untuk simulasi antena dan AMC. Prestasi antena dwikutub 
dengan dan tanpa AMC dibandingkan. Ia menunjukkan bahawa prestasi antena 
dengan AMC meningkatkan gandaan sebanyak 5 dB dan radiasi antena adalah lebih 
terarah. Tambahan pula, frekuensi salunan antena dengan AMC telah beranjak 
disebabkan oleh kesan lenturan. Lokasi terbaik untuk meletakkan antena dwikutub 
dengan AMC adalah di belakang tubuh badan manusia. 
 
